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In this issue: 

This newsletter provides a summary of recent groundwater levels in Tehama and Glenn Counties 

from March 2015 through August of 2016.  An article is also included that discusses how 

Sacramento Valley irrigated agriculture has changed in the past 10 to 15 years.  I hope you find the 

articles informative.  Thank you. 
 

2015/16 Review - Groundwater Levels in  

Tehama and Glenn Counties 
Allan Fulton, UC Irrigation and Water Resources Advisor 

Tables 1 and 2 in this newsletter summarize groundwater levels in Tehama and Glenn Counties, 

respectively, from the spring of 2015 through the summer of 2016.  Spring groundwater levels are 

usually collected by the California Department of Water Resources, Northern Region in cooperation 

with local agencies in early March, summer levels are generally taken in mid August (exceptions are 

footnoted), and fall levels are usually collected during the first week of October so levels for fall 

2016 are not yet available.   The groundwater levels provided in Tables 1 and 2 provide a very short  
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term perspective. Most measurements in these tables are excerpts from a larger public database.   More records 

are available at:   http://www.water.ca.gov/waterdatalibrary/groundwater/index.cfm.  The Water Data Library is 

maintained by the California Department of Water Resources and provides historic groundwater levels 

throughout Tehama and Glenn Counties as well as most counties in California.  In some instances, groundwater 

level data may not be in the Water Data Library and are available from other public agencies upon request. 

Static (non-pumping) groundwater levels are presented in Tables 1 and 2 as the depth to groundwater below 

ground surface and are measured in feet.  Some of the measurements are taken in dedicated monitoring wells 

that are constructed specifically for monitoring and pumping is greatly restricted to infrequent and very small 

volumes for sampling water quality.  When a dedicated monitoring well is not available for monitoring, irrigation 

or domestic wells are used as an alternative and efforts are made to take measurements when the wells are not 

pumping and have not been in operation for some time to attain static levels. 

A review of the data shows that groundwater levels are variable with season and among different areas within 

Tehama and Glenn Counties.  Many variables influence the depth to groundwater.  Topography or ground 

surface elevation is one variable.   Foothill areas in eastern, western, or northern portions of the valley may have 

higher land elevations than in the center of the valley.  An example of this is seen in the Bowman sub-basin of 

Tehama County where groundwater levels in the Hooker Creek Road area are deeper than 100 feet below 

ground surface.  Proximity to the Sacramento River and its tributaries and the availability of surface water will 

also influence the depth to groundwater.  Areas closer to the river or streams will generally have shallower 

depths to groundwater.  Similarly, areas that distributed surface water for irrigation in 2015 and 2016 are likely to 

have shallower depths to groundwater. Examples of this are the LeClaire and Decker Avenue area adjacent to 

Antelope Creek in Tehama County and areas of Glenn County adjacent to the Sacramento River and in 

southern portions of the Glenn County between Highway 99W and the eastern boundary of Glenn County.  The 

drought and changes in land and water use are also variables affecting groundwater levels.  The drought has 

reduced river and stream flows and their capacity to replenish groundwater and greatly restricted surface water 

availability, creating greater reliance on groundwater.  Changes in land use are likely to influence water demand 

and groundwater levels but the extent is uncertain. 

Static groundwater levels in the spring provide insight into groundwater recharge from the previous fall/winter 

season and give an indication whether groundwater storage is increasing, stable, or declining.  Summer 

groundwater levels show the effects of regional pumping.  They also provide limited insight about how deep 

water wells should be constructed and how deep pumps should be set to secure a reliable water supply but it 

needs to be understood that groundwater levels during the most intensive pumping season are very dynamic 

and can be site specific so these data only provide a rough indicator.  Working directly with a professional well 

driller and pumping plant designer will provide much more accurate information for specific circumstances.  Fall 

groundwater levels are often but not always intermediate between spring and summer levels.  Fall groundwater 

levels tend to recover to some extent after the most intensive summer season of water demand passes.    
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Table 1.  Groundwater levels measured in Tehama County in 2015 and 2016, feet below ground surface. 
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 Table 2. Groundwater Levels in 2015 and 2016 in Glenn County (Source: California Department of Water  Resources,      

Water Data Library and Glenn County Department of Agriculture). 
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Insights into Northern Sacramento Valley Irrigated 
Agriculture 

Allan Fulton, UC Farm Advisor, Tehama County 

 

 

 

How have the cropping patterns changed in the northern Sacramento Valley? 

The most recent land use surveys by the 

California Department of Water Resources 

indicate approximately 982,500 acres of 

irrigated or potentially irrigated cropland in 

the Northern Sacramento Valley counties of  

Shasta, Tehama, Glenn, Butte, and Colusa. 

Manual field surveys taken approximately 

one decade apart suggest the total crop 

acreage has increased by about 73,000 

acres or 8 percent.   

Changes in agricultural land use is shown in 

Figure 1 and it corresponds with what is 

generally observed when traveling across the 

northern Sacramento Valley landscape.  The 

acreage of deciduous nut and fruit crops and olive and citrus has increased about 79,000 and 7,000 acres 

respectively.  Most of the increase in deciduous nuts and fruits is almond and walnut acreage.  Increases in 

the olive and citrus category is primarily new acreage of high density olives for oil production while citrus has 

declined. Orchards are perennial crops so planting patterns are more “permanent” compared to annual 

cropping systems.  Perhaps, less visible, the acreage of grains planted and grown in the fall and winter and 

hay also increased nearly 30,000 acres.  Rice production, primarily in Glenn, Colusa, and Butte Counties, has 

remained relatively stable because of land and infrastructure unique to rice production.  Irrigated pasture has 

also remained relatively stable in the five-county region.  Agronomic row crops such as corn, cotton, seed 

crops, and some vegetable crops have declined a total of about 31,500 acres.  In addition 5,500 acres of land 

that either had been idle or was previously rain fed has been put into irrigation production.   

 

1 Shasta, Tehama, Glenn, Butte, and Colusa counties. 

 

A special thanks to the California Department of Water Resources Northern Region and 

Associate Land and Water Use Scientist, Mark Rivera for summarizing the Department’s 

land use surveys of the northern Sacramento Valley.  Without their dedication to 

conducting manual field surveys this article would not have been possible. 
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 What has caused these changes in the cropping patterns? 

There are many factors that contribute to the changes in cropping pattern, but the foundation for the expansion 

into almond, walnut, and high density olive begins with a growing consumer population and changing consumer 

preferences.   Today, we live and compete in a worldwide economy and as a result there is a growing population 

that has changed its food preferences to healthier and a wider variety of foods.  At the same time, medical 

research has demonstrated that almond, walnut, olive, and other crops grown locally are among the healthiest 

foods available (Sources: Almond Board of California, California Dried Plum Board, California Olive Oil Council, 

and California Walnut Board).  They help reduce cholesterol and heart disease, lessen surges in blood sugar to 

manage diabetes, provide fiber that is important to managing weight, and improve bone health when included in 

the daily diet.  These attributes have caused the consumer demand for these crops to generally out-pace the 

capacity to supply them and as a result crop prices have been relatively strong over the past decade to 

encourage expansion.  This coupled with the fact that northern Sacramento Valley climate and soil and water 

resources are well suited to grow these crops has led to increased production. 

What are the water requirements for some of the main summer crops grown in our area? 

Water is essential for crop production.  Crops consume water through a process called "evapotranspiration" (ET). 

ET is the combined process of transpiration from plant surfaces and evaporation from soil surfaces.  As plants 

function, soil moisture from rainfall or irrigation is converted to water vapor where it returns to the atmosphere as 

part of the larger hydrologic cycle that occurs around us.   

During the irrigation season, most of that water is transpired through the leaves while some is lost through 

evaporation from the soil surface or used by vegetation growing between trees.  Usually only a small fraction (< 

10 percent) of the water that is consumed for crop production in the summer is evaporated. Water evaporates 

when the irrigation system is in operation and from the wet soil surface shortly after rainfall or irrigation.  

Evaporation declines to low levels after the water infiltrates into the soil and as the surface soil dries out.  Shading 

from trees can also reduce evaporation.   

A much larger portion of the water that is consumed for crop production is by plant transpiration where water is 

absorbed from the soil through plant roots and then moves up through the plant and is vaporized out through 

specialized plant cells called stomata.   Only a small portion of water is actually stored in the plant.  Seasonal 

weather conditions primarily drive the rate of crop evapotranspiration.  ET will be higher on long, hot, and windy 

summer days than shorter, cooler, and calm spring or fall days.  Plant transpiration enables the crop to cool itself, 

grow, and function during the hot days similarly to how our bodies cool by sweating (perspiration) when we are 

active in the outdoor heat.   As plants transpire water, they grow, intercept light, and carbon dioxide (CO2) enters 

the leaf pores (stomata).   Energy from the sun and CO2 are the basic building blocks that plants convert to 

natural sugars or carbohydrates through the process of photosynthesis.  These sugars and carbohydrates are 

eventually converted to proteins, amino acids, vitamins, and other healthy attributes found in the produce.  When 

most commercial crops are not adequately supplied with water they typically respond by producing less crop  
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and often inferior crop quality.   Attributes such as small size, sunburned, shriveled, off-colored, and poorly 

flavored produce are often caused by not supplying enough water.  This produce often does not satisfy 

consumer demands. Regulated Deficit Irrigation (RDI), where water is purposefully withheld or reduced at 

specific crop development stages, can be used in some cropping systems to manipulate quality. One example 

might be when water is reduced after berry softening in 

grapes grown for wine to improve wine quality.  

Water consumption or ET by crops grown in our area range 

from about 2.0 to 4.5 acre-feet per acre (Table 2).   In 

different terms, seasonal water consumption can range 

from about 600,000 to 1.4 million gallons of water per acre 

and emphasizes the fact that a great deal of water is 

necessary to support plant photosynthesis and grow 

productive and good quality crops.  On a hot summer day, 

one tree depending on tree size, can consume 70 to 110 

gallons of water per day.  Length of the growing season 

and size and shape of the canopy have a large influence 

on crop water consumption.  As the crop canopy enlarges 

to intercept more sunlight and take in more CO2, there is 

increased transpiration surface and more water can be 

moved through the plant (more ET). 

Crop quality, goals and standards will influence water application.  For example, large table olives are favored 

by consumers and will earn a premium price, however, olive size is sensitive to water stress.   In contrast, 

olives grown for oil are crushed for oil extraction so olive size is not as critical of a quality characteristic.  Also, 

higher oil content and quality (flavor, pungency, etc...) is valued and can be achieved by withholding irrigation 

water.  As a result, water consumption by table olives is higher than olives grown for oil.   

 It is important to recognize that crop water consumption or ET is not the same as the irrigation requirement.  

Irrigation requirement will typically be less than ET.   Irrigation requirement depends on the specific field setting 

such as amount of rainfall received, soil type and its capacity to retain water, rooting depth of the crop, the 

influence of rivers and streams on water table conditions, and soil salinity.  In the northern Sacramento Valley 

where rainfall is relatively higher than other parts of the Central Valley, usually, 15 to 35 percent of the 

seasonal crop water consumption can be provided by spring rainfall that occurs as the crop is growing, winter 

rainfall that was stored in the soil profile when the crop was dormant or when rainfall exceeded ET, and in 

some settings capillary rise of water from a shallow water table which can be influenced by nearby rivers and 

streams.  Leaching fraction to manage soil salinity is usually achieved by the higher rainfall as well. 

When the contribution of rainfall and other potential sources of water are considered, most of the crops grown 

locally will require between about 1.5  and 3.5 acre-feet of irrigation water per acre annually  or  500,000  

Table 2.  Approximate annual levels of crop water 

consumption (ET) per acre for some of 

the primary summer crops grown in the 

northern Sacramento Valley. 

Crop Acre -

inches 

Acre-

feet 

Gallons 

(million) 

Alfalfa 52 4.3 1.4 

Almond 48 4.0 1.3 

Corn 27 2.3 0.75 

French Prune 39 3.3 1.05 

Olive (Table) 38 3.2 1.0 

Olive (Oil) 28 2.3 0.76 

Pasture 53 4.4 1.4 

Walnut 40 3.3 1.06 
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to 1.2 million gallons of water per acre annually.  These levels of crop irrigation can be related to a 2010 report 

from the California Home Building Foundation (CONSOL, 2010), where a new 3 bedroom single family home with 

four occupants on a 4000 square foot lot is modeled to use 174,000 gallons of water annually for both in home and 

landscaping.    In this model, landscape irrigation accounted for 57 percent of this water use and was highlighted 

for potential to reduce in the future with conservation.  So for added context, the annual irrigation water applied per 

acre for the primary summer crops grown in our area is approximately equal to the annual water consumed by 3 to 

7 single family homes with each home built on 4000 square foot lots.  Another source (DWR, 2009), the California 

Department of Water Resources 2009 Water Plan reported average annual water consumption per capita for the 

Sacramento Valley to be 174 gallons per day.  This translates to 63,510 gallons water consumption per person per 

year or 254,040 gallons of yearly water consumption for four people which is higher use than modeled by the 

California Home Building Foundation.  Other reports related to residential water use and efficiency indicate per 

capita urban water use in the Sacramento Valley and throughout California may be even higher (Heberger, 2014). 

What are the principal irrigation methods used? 

Field surveys affirm significant changes in irrigation 

methods over the past decade or longer.  All total, over 

the past decade or slightly longer there has been an 

increase of about 203,000 acres of land irrigated with 

pressurized irrigation systems. The survey indicates the 

only type of gravity-based irrigation system that increased 

in acreage is border strip irrigation which likely correlates 

with increased winter grain and hay crops. 

The surveys show a significant reduction of about 42,000 

acres in farmland that was once irrigated with furrow 

systems.  This reflects a reduction in row crops such as 

cotton, vegetables, and seed crops and that subsurface 

drip irrigation has become a widely used irrigation method 

in processing tomatoes.  Basin flood irrigation methods 

have also declined almost 25,000 acres over the period.   

This reflects conversions of orchards that were previously 

flood irrigated and a reduction of other field crops that were 

irrigated with basin flood systems.  These lands are now 

principally irrigated with surface drip, micro sprinkler, solid 

set sprinkler or buried drip irrigation.   

The conversion to pressurized irrigations systems has been driven principally by the need to produce more food 

more efficiently ("more food or crop per drop").    

As agriculture has become more efficient with water by using drip, micro sprinklers, and other pressurized systems 

it has reduced groundwater recharge.  In the past when surface water supplies were more available, reliable  and  

Table 3.  Acreage trends of irrigation methods used in 

the northern Sacramento Valley counties in 2003-05 

and 2011-14.   Source:  DWR Northern Region. 

Irrigation 

Method 
2003-05 2011-14  Change 

Basin Flood 353,691 328,947 -24,744 

Surface Drip 60,232 91,244 31,012 

Micro Sprin-

kler 
46,725 106,880 60,155 

Border Strip 117,521 167,294 49,773 

Furrow 87,912 45,816 -42,096 

Hand Move 

Sprinkler 
24,704 30,815 6,111 

Buried Drip 600 24,708 24,108 

Solid Set 

Sprinkler 
1,624 89,681 88,057 
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and less expensive, farmers applied more surface water with flood and furrow irrigation techniques.  Crops 

still had the same consumptive use, so excess surface irrigation water would percolate deep to recharge 

groundwater and less pumping of groundwater was needed.  Because of the demand to grow more food, 

less surface water availability, increased use of pressurized irrigation systems to produce crops more 

efficiently, and additional acreage of crops, less groundwater recharge from irrigation with surface water has 

occurred over the last decade.  As reliance upon groundwater increases and if groundwater levels continue 

to decline, more energy is also required to lift water to the surface. 

How does drip and micro sprinkler irrigation work? 

Usually, a pump lifts and pressurizes groundwater or pressurizes surface water when available, filters clean 

the water, and pressure regulators, plastic pipe, tubing, and drip emitters or micro sprinklers distribute the 

water throughout an orchard or field to apply it precisely near each tree or plant.  These pressurized 

systems have replaced applying the water in a border strip or furrow which relies on the soil properties to 

determine how uniformly and efficiently an orchard or field is irrigated.   When maintained and managed 

optimally, these irrigation methods prevent irrigation water and nutrients in the water from leaching past the 

crop root zone to protect groundwater quality but result in little to no groundwater recharge.  The wetting 

patterns can also be managed efficiently by choosing emitter placements, sprinkler spray patterns, or using 

stream splitters to keep the tree trunks dry to reduce the risk of crown and root diseases.   In the case of 

row crops such as processing tomato where subsurface drip is often used, less of the soil surface of the 

planting bed is saturated by irrigation so the developing and ripening fruit are less exposed to molds and 

mildews that cause crop loss. In addition, with less soil surface being wetted, less evaporation occurs  and 

more applied water is available to the crop.  More and better quality produce is grown per gallon of irrigation 

water applied and groundwater quality is protected when using buried drip effectively.  Buried drip is being 

used in orchard crops on a limited basis because of practical concerns.  For further information on this topic 

refer to the reference titled Subsurface Drip Irrigation in California – Here to Stay (Ayars, 2015)? 

The water application rates of these systems depends upon the choice of irrigation system components and 

their layout but they are typically engineered to apply water at low rates.  A single line drip system may 

apply water at a rate as low as 0.02 inch per hour and a partial coverage micro-sprinkler or full coverage 

mini sprinkler system might apply water at a rate as high as about 0.10 inch per hour.   Because of these 

low and precise water application rates, these irrigation systems will run frequently and for longer durations.   

A single line drip irrigation system may run as much as 70 to 90 hours per week and a partial or full 

coverage mini sprinkler system may run 18 to 30 hours a week during the hottest weeks of summer.  

Decisions on when and how long to irrigate are often assisted by using real-time weather information to 

predict crop water consumption (ET), soil moisture sensors to keep track of soil moisture levels, and crop 

stress indicators  to foresee  potential problems.   

Depending on system design, it takes between about 8 and 35 gallons per minute of water flow to operate 

these types of pressurized irrigation systems per acre of land, so a larger irrigation well can irrigate tens or 

potentially over a hundred acres of land.  Orchards are also divided into irrigation sets and water is rotated 

among them much like different irrigation sets are used in home and urban landscapes.  So, if you notice an 

irrigation pump is operating over several consecutive days, it is because the irrigation well is serving several 

irrigation sets and many acres of cropland.  
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In California during dry winters such as 2014/15, when rainfall was insufficient to refill the soil profile of deeper rooted 

orchard crops, these low volume systems are sometime operated to partially refill the soil profile in the late winter 

(February/March), when it becomes more certain that rainfall is going to be low for the season.  This may appear 

counter-intuitive to conserving water during drought, however, what is happening is that efforts are being made to 

partially restore moisture in the soil profile of the deeper rooted crops. This bank of soil moisture will lessen the 

intensity of irrigation needed later in the spring and summer when the overall demand for groundwater is higher and it 

helps sustain crop production and quality.    

How reliant is agriculture on groundwater? 

Water demands in the northern Sacramento Valley are met 

by both surface water and groundwater resources (Table 

4).   Lake Shasta and the Tehama Colusa Canal Authority 

provide federal surface water for irrigation as part of the 

Central Valley Project.  Lake Oroville stores and releases 

water from the Feather River watershed (a tributary to the 

Sacramento River) and provides surface water for irrigation 

from the California State Water Project.  In addition, 

surface water is diverted on many other smaller tributaries 

to the Sacramento River for irrigation.  When surface water 

supplies in these areas are less than the irrigation demand, 

groundwater is used to supply the shortfall.  In areas 

outside of the surface water service areas, groundwater is 

the only source of water for irrigation.  In addition, 

groundwater is the primary water resource available to 

supply a large majority of domestic and municipal water 

demands for the northern Sacramento Valley, which are 

also included in Table 4. 

Total federal, state, and local surface water and 

groundwater resources used in 2010 were 5,000 acre-feet 

higher than in 2000 which is a 0.1 percent increase in 

water resources.  Meanwhile, during approximately the 

same period of time land use surveys from 2003-05 to 

2011-15 show that total irrigated acreage in the northern 

Sacramento Valley counties increased 73,000 acres or 

about 8 percent.  Domestic and municipal demands for 

water also increased as population grew.   This affirms that 

agricultural and urban water users are achieving higher 

water use efficiency and enabling economic growth with 

very small increases in total demands for water resources.  

Table 4.  Summary of surface and groundwater  

resources in the five northern Sacramento Valley 

Counties. Source: DWR Northern  Region, 2000  

  and 2010. 
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How much each source of water supplies the demand is highly variable among the five northern Sacramento Valley 

counties.    Tehama County relies the most on groundwater followed by Glenn and Butte counties.  Reliance on 

groundwater is not as great in Colusa and Shasta Counties.   

Over time, northern Sacramento Valley agriculture has invested more in groundwater resources. Unreliability of 

surface water has contributed to this investment to assure water is available for perennial tree fruit and nut crops.  

Reliability concerns have resulted from dry hydrologic cycles and more demands on surface water supplies for 

fisheries and wildlife habitat.  Groundwater is available on demand by turning on a pump.  Whereas, some water 

districts do not have conveyance systems that can deliver water on demand.  Many water districts are working to 

modernize their conveyance systems to accommodate on-demand delivery of water for low volume, high frequency 

drip and microsprinkler methods that produce food more efficiently.   Furthermore, surface water is generally higher in 

sediment and biological contaminants that can plug low volume drip and microsprinkler irrigation systems and it does 

carry bacteria and fungi that can influence crop and plant health, leading to a preference for groundwater.  However, 

these surface water concerns can be managed with improved filter systems and water treatment.  Selecting and 

planting rootstocks and varieties with improved tolerance or resistance to diseases can also help manage these 

concerns.  If more surface water were available more reliably, agriculture would welcome it to reduce the demand on 

groundwater and sustain the overall water supply water. 

Highlights from the Past and Encouragement for the Future 

Over the past decade or slightly longer, agriculturalists in the northern Sacramento Valley (and California) have 

endured several dry and critically dry hydrologic years and overall this period will be remembered for drought.  At the 

same time, cropping patterns have changed in the northern Sacramento 

Valley.  Total irrigated acreage has increased about 73,000 acres or 8 

percent with a shift to permanent tree nut and fruit crops.  This shift has 

been driven by growing populations with preferences for healthier foods and 

made possible because the climate, soils, and water resources of the 

northern Sacramento Valley are well suited to grow them.  Nut and fruit 

prices have also been relatively strong providing incentive.   Methods of 

irrigation have also changed from flood and furrow to drip, micro sprinkler, 

solid set sprinkler, and buried drip.  Today, there are about 203,000 acres of 

land in the northern Sacramento Valley irrigated with pressurized systems 

that were not in place approximately a decade ago.   These irrigation 

systems have helped achieve greater food production per unit of irrigation 

water or “more food per drop”, protected groundwater quality by helping to 

reduce leaching, but opportunity for groundwater recharge with surface 

water has also been reduced.  

Most encouraging, while cropping 

patterns have increased 8 percent 

or about 73,000 acres over the last 

decade or so, total demand on wa-

ter resources which includes both 

agricultural and urban demand has 

only increased about 5,000 acre-

feet in the northern Sacramento 

Valley or 0.1 percent.  This affirms 

that agricultural and urban water 

users are achieving higher water 

use efficiency and enabling eco-

nomic growth with very small in-

creases in demands for water re-

sources.  More challenges, work, 

and progress lie ahead . 
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